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From the Director

With increased understanding of El Nifio and La Nifia events and growing awareness of the wide range
of potential impacts, as well as the increased reliability of seasonal climate forecasts for some regions of the
world, there is growing interest in the use of climate information to help reduce risk for some weather-sensitive
industries, especially agriculture. The National Drought Mitigation Center (NDMC) is currently involved in
a project sponsored by the UNDP Office to Combat Desertification and Drought (UNSO) and the World
Meteorological Organization, with additional support from NOAA and USAID. The next phase of this project
will be a workshopCoping with Drought in Sub-Saharan Africa: Best Use of Climate Informatiatwill
be held near Harare, Zimbabwe, October 4—6, 1999. This workshop will bring together local, regional, and
international experts to discuss the use of both contemporary and indigenous climate information by farmers
in Africa. The objectives of the workshop are to (1) define elements of a program that will address gaps that
exist between climate information products provided by meteorological, agricultural, and hydrological services
and the ability of farmers to access and use this information in support of decision making; (2) demonstrate how
climate information can be incorporated in farm-level decisions to reduce the impacts of drought and other
climatic extremes on agriculture and maximize productivity during more favorable growing conditions; and
(3) develop a strategy to implement pilot studies in selected countries in sub-Saharan Africa that will
demonstrate the value of climate information in decision making at the farm level and enhance the drought
knowledge of farmers. Farmer surveys on the use and sources of climate information have been conducted ir
six sub-Saharan African countries: Kenya, Ethiopia, Mali, Senegal, Zimbabwe, and Mozambique. The
workshop will serve as a forum to bring together potential partners for the next phase of the project. I will try
to include a summary of this workshop and its findings in the next issue of this newsletter. If you would like
to obtain more information on the project, contact the National Drought Mitigation Center orthe UNDP/UNSO
web site (http://www.undp.org/seed/unso/tables.htm).

I would like to express my appreciation to Dr. Martin Yerg of the International Affairs Office of NOAA
for his continuing sponsorship of this newsletter. | also appreciate the support and interest in this activity by

.
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Dr. Michael Coughlan, Director of the World Climate submit articles for the September—December issue to
Program of WMO.Drought Network Newsfirst us no later than November 10. Readers are also
publishedin 1989, is distributed to readers worldwidegsncouraged to submit announcements of workshops,
and feedback continuesto be extremely positive. | aoonferences, and other information of interest to our
also encouraged by the flow of articles that areetwork members.
submitted to us for review and publication. This
publication continues to serve as a valuable resource Donald A. Wilhite
for scientists and policy makers.

This issue of the newsletter contains articles
covering drought-related subjects in India, Iran, Spain,
and Vermont. | trustreaders will find this information
helpful.Drought Network New®aders are invited to

Contents
A Drought Watch System for Southeast S;bain .............................................................................. 3
Drought Follows the Deluge in VEIMIQNT ...........oooeiiiiiiiiiiiiee e e e e e e e e e e e e e eeeeeenaahanes 8
ENSOQO’s Impact on the Occurrence of Autumnal Drought inflran ..........ccccceeeivieieeeeiiiiiieeeiiiinnns .15
Low Temperature and Cold Drought Risks in Crop Production in Kashmir ..............ccccevvvvine .19
ANNOUNCEIMENES ....viiiiiiiiiis i e e e e e e e e e e s e e e s e e e e s e e s s 24
(O =T To =0 AN [0 €= PSR 27

2 Vol. 11, No. 2, May—August 1999



A Drought Watch System
for Southeast Spain

Introduction Regarding Some Precedents

One of the main climatological characteristics of  Up to now, the National Institute of Meteorol-
the region of Murcia (11,300 k& located almost ogy in Spain has used a method of quintiles of the
entirely in the Segura Basin (in southeast Spain), sumulative distribution function (c.d.f.) of precipita-
the great temporal and spatial irregularity of its pretion, with normal precipitation corresponding to the
cipitation. Average annual precipitation values rangsecond and third quintiles (c.d.f. between 40% and
between 200 and 500 mm, and coefficients of varia&d0%). Using this method, the region is usually (80%
tion (CV) are high, with some values about 50%. 1of the time) facing a situation that is not normal. The
is a semiarid region (including a small arid area), andiatch system for Australia by Gibbs (1987) extends
agriculture plays a major role in its economy. Bethe “normal” category from the third through sev-
cause of this, drought is one characteristic of thenth deciles (c.d.f. between 30% and 70%), but the
region’s climate that has far-reaching consequencegsiiteria that are used to establish the beginning and
from unemployment to social conflicts. end of a drought do not apply in the southeast

It is important to define drought and identify Iberian Peninsula.
appropriate indicators for the region of Murcia as On the other hand, using the Palmer Drought
part of a drought watch system. This system wilSeverity Index (PDSI) would require more data and
define the temporal and spatial limits of droughtaissume hypotheses that are not always suitable. An-
conditions. It would help policy makers and governother added inconvenience would be that certain
ment officials establish policies for the provision ofsituations, such as extreme or severe drought, would
aid to farmers and cattlemen, as in Australia (Whiteccur more frequently in some areas than in others
and O’Meagher, 1995). (Willeke et al., 1994). Furthermore, the category of

Because of the wide range of drought impactextreme drought occurs too frequently for some re-
there are many definitions of this phenomenon. Howgions, in excess of 10% for some areas (Wilhite,
ever, one characteristic seems common to all df993).
them: drought is caused by a deficiency in precipita- The use of the Standardized Precipitation Index
tion for a fairly long period of time. For simplicity, (SPI) (McKee et al., 1993) would introduce the
and keeping in mind that precipitation is, withoutgreat advantage of standardization, allowing us to
doubt, the most important variable in the process, thaetermine the rarity of an episode in terms of prob-
watch system developed for the region of Murciability. However, the fixed limits among the cate-
uses only this variable at the moment, establishinggories do not arise in an intuitive way (there is a
comparison with a climatological reference (1961-mixture of whole and fractional numbers) and the
90) that we consider “normal.” normal category seems too extensive (68% of all

occasions), so that some descriptive power would be
lost.
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The Drought Watch System in the Region of tation Index (NVPI). It can be applied on various
Murcia temporal scales, like a month, season, or year.
In the region of Murcia, given the great variabil-
To incorporate the descriptive power of the PDSity and seasonal distribution of the rain, it is essential
and the advantages of the standardization of the SRd,use an index that removes seasonal data, like the
we have created the Normalized Precipitation Indegrecipitation collected in the last 12 months. Such an
(NPI), which is calculated with the following equa-index has the advantage of stability, and it allows a

tion (Garrido, 1998): prediction (not a prediction in the usual sense of the
1 +Erf (NP1 / V8) word, but rather a trend) of its future_values, since, a_lt
F(x) = 5 any moment, these values can be inferred from cli-

matological references. A simulation showed that

whereF(x) is the empirical c.d.f. andrf () is the the prediction of the 12-month NVPI can extend for
error function (this equation must be solved by mearsterm of 5 months, with an average absolute error
of numerical methods). Imposing threshold valuesferior to the unit.
of +4 for the NPI for the extreme categories, as The watch system, which was instituted in Janu-
happens in the case of the PDSI, we obtain thary 1998, consists of two parts. The first part (Figure
classification in Table 1. The values of the index and) is limited to the consideration of the NVPI on
the names of the categories generally coincide witbcales of 1 and 12 months, offering information
those of the Palmer classification. The most prolabout what happened in the last 4 years, with special
able category is the normal one, even using a widemphasis on the previous 2 years. It also offers a
classification that groups drought or wet cases, whilprediction of the values of the index, up to 5 months
the percentages or probabilities of the moderatehead, and it establishes the excess or deficit quanti-
severe, and extreme categories coincide with thosies of precipitation in relation to the threshold values
of the SPI. In the extreme categories, only 2.3% aff the 12-month NVPI.
the situations are included, which is a typical per- In the second part, to study the geographical
centage of an extreme event (Wilhite, 1995). distribution, the NPI values are also represented

Of course, this methodology can be applied t¢Figure 2) on temporal scales of 1 and 12 months.
other variables, such as the precipitation volume inBhe average value of those indexes in the region
region, hydrographic basin, or catchment area, leadhould always be similar to the corresponding NVPI
ing, in this case, to a Normalized Volume of Precipivalues.

NPI Category c.d.f. (%) Time in category (%)
4 or more 4: Extremely wet 97.7 (100) 2.3

3to4 3: Very wet 93.3 (97.7) 4.4

2t0 3 2: Moderately wet 84.1 (93.3) 9.2 30.9
lto2 1: Slightly wet 69.1 (84.1) 15.0

-ltol 0: Normal or near normal 30.9 (69.1) 38.3 38.3
-2to-1 -1: Mild drought 15.9 (30.9) 15.0

-3to-2 -2: Moderate drought 6.7 (15.9) 9.2

-4 to -3 -3: Severe drought 2.3(6.7) 4.4 30.9

-4 or less -4: Extreme drought 0(2.3) 2.3

Table 1. NPI classifications for dry and wet periods.
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Figure 2. Normalized Precipitation Index values, January 1998: (a) 1-month; (b) 2-month.
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Future Development

The system will be extended to the whole Segura
Basin, and it will be developed to expedite the cap-
ture of precipitation data (appealing to automatic
observation networks, for example); to increase the
number of temporal scales, mainly those of 3 and 6
months time; and to extend the term of the forecasts,
incorporating information based on the climatic
teleconnections. Designing a watch system based on
some type of normalized water balance would also
be a future objective.

Ramon Garrido Abenza
National Institute of Meteorology
Territorial Meteorological Center of Murcia
P. O. Box 138, Espinardo. 30071 Murcia
Spain
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Drought Follows the Deluge in Vermont

Introduction asummer phenomenon. When they occur during the
cooler time of the year (winter and spring), their
The incidence of both drought and flooding onmpacts, intensity, and other characteristics are some-
the Vermont landscape within the same calendar yeatat different from droughts that occur during the
is not an uncommon occurrence. The year 1998 wagarmer months. In a climate that is best described as
no exception, in that the ice storm of January anchangeable, it is sometimes challenging to interpret
statewide flooding of June/July finally gave way toclimate signals from one season to the next. The dry
drought conditions as the year drew to a close. Thesenditions that have plagued the state since October
dry conditions continued into late June/early July1999,998 have alternated with periods of above-average
when a series of convective and frontal systemgrecipitationreceipt. As such, the intensity and occur-
brought steady rainfall amounts that were helpful imlence of drought among the state’s three climatic
reducing the surface moisture deficits. Hydrologidivisions (Northeastern = 1; Western = 2; and South-
deficits, however, still existed in mid-July. eastern =3), as shown in Figure 1, have varied over
With the exception of the most severe eventghe period of interest. The quest for determining the
which can span entire years (e.g., 1961-69, 1980—-8drought signal is even further complicated by the fact
1988-89 and 1995), droughts in Vermont tend to biéhat the monthly time scale may be inappropriate for
adequately describing the nature of dry conditions
across Vermont during the cooler time of the year.
Vermont's recent dry conditions stand out as an
anomaly against the backdrop of the surrounding
states in terms of the onset and severity. Whereas
drought conditions have been observed in much of
the New England and mid-Atlantic states since Au-
gust 1998, dry conditions were really first observed in
2 Vermontin December 1998. Another striking differ-
ence between Vermontand its environsis the fact that
ongoing dry conditions contain elements of atmo-
spheric drought and surface soil moisture deficits, but
the impacts on the subsurface hydrology are related to
both the naturally low recharge levels during the
3 cooler season as well as to additional precipitation
shortfalls this year. This is in contrast to the drought
severity in parts of Pennsylvania, where in some
cases reservoirs have already been depleted.
The character of Vermont’s existing drought as
Figure 1. Map of Vermont showing its three climatic divi- ~ Well @s the issues raised by the methodology used to
sions. Courtesy of the National Climatic Data Center. guantify it will now be addressed.
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Data and Highlights Month Precipitation Percentof Ranking
inches(mm)  normal (1=driest)

Using the three climatic divisions (Figure 1) as the

spatial unit of interest on a monthly time frame, theZi?égg‘rbfg 91598 246117 (23160%9) 17%1 4?36
following data were analyzed: statewide precipitag emper 1998  2.62 (66.55) 70 32
tion totals and the corresponding percent of norm@ecember 1998 1.06 (26.9) 32 4
fromthe Northeast Regional Climate Center; monthlyanuary 1999 3.26 (82.8) 131 72
precipitation totals from a variety of stations acros§ebruary 1999 1.63 (41.4) 71 21
the state, acquired from the National Weather Separch 1999 3.71(94.2) 134 4
ice, Burlington International Airport; the Standard-AprII 1999 1.34 (34.09) 42 2
VICE, ; May 1999 351(89.15) 95 57

ized Precipitation Index (SPI) of McKee et al. (1993)
from the Western Regional Climate Center; and thgata compiled by the Northeast Regional Climate Center.
modified Palmer Drought Severity Index (PMDI) 1998 represents 104 years of record and 1999 represents 105.
and Palmer Drought Hydrological Index (PDHI)
from the National Climatic DataCenter. Table 1. Statewide precipitation totals and statistics for
. L VVermont, September 1998 to May 1999.
Table 1 summarizes the precipitation totals, per-
centof normal, and ranking relative to the driest yeaeceived more precipitation relative to normal than
onrecord for Vermont as awhole. Unlike many of théhe global figure of 131% would suggest. During
surrounding states, the area-weighted state averagebruary, precipitation deficits (Figure 2a) were not
for Vermont for September 1998 showed that abovemiform across the state and Mount Mansfield (the
average precipitation was received, following one thstate’s highest elevation, located in central Vermont)
wettest summers on record for the state. This precipactually received slightly above-normal precipita-
tation surplus would be followed by three months ofion. This non-uniformity in precipitation receipt be-
below-average conditions, culminating in Decembecame even more evidentin March (Figure 2b), when
1998 when the total precipitation receipt was only variety of conditions ranging from above-normal
32% of normal. Although this was followed by avalues at Mount Mansfield to normal at Burlington
return to above-average precipitation totals in Janand below normal at Salisbury (central) and Enosburg
ary and March 1999, dry conditions would again bé&alls 1 (northern) were observed. Such a scattered
observed in February, April, and May 1999. Aprilpicture tends to obscure the factthat very little precipi-
1999 was the second driest year on record and it wegion was received after March 22. April marked a
during this month that the impacts of the droughtontinuation of the shortfalls in rainfall (Figure 2c). It
became evident. was a particularly dry month at all stations, even more
An examination of the precipitation amountsso than the global figure of 42% of normal would
relative to normal atindividual stations reinforces théndicate. Precipitation deficits continued into May
general statewide analysis, with December totalsnd were finally interrupted on May 19 by a conveyor
echoing the aforementioned low precipitation receigbelt system that brought substantial rainfall amounts
for the state as a whole. Similarly, above-normato northern New England, including Vermont, with
precipitation totals were globally observed duringotals ranging from 0.5 inches to over 3 inches (12.7
January 1999. In particular, stations such as74.2 mm) in some locales. The following week
Cavendish, Chelsea, Cornwall, and West Burke (aWould bring more convective rainfall across the state
of which are in the central portions of the state}o that precipitation totals for the month of May
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Monthly Precipitation Values Relative to Normal—February 1999
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Figure 2. Monthly precipitation totals relative to normal for February—May 1999.

10



Monthly Precipitation Values Relative to Normal—April 1999
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(Figure 2d), although below average, do not refleddrought Indices
the severity of the shortfalls that characterized the first
three weeks. The month of June would mirror thatof A comparison of the SPI and modified Palmer
May, except for the fact that the precipitation event®rought Index (PDI) revealed significant discrepan-
of the final week would continue into July, bringingcies. In divisions 1 and 2, the initial period from
some recharge to the surface moisture supplies. September to November 1998 was marked by de-
creasing amounts of precipitation. SPI values were
Impacts near normal while the PDI values were extremely
moist. At the same time in division 3, precipitation

By the end of April, precipitation deficits acrosstotals were somewhat lower than observed in the
New England were estimated to be 50-130 mnather two divisions. This may account for the mid-
(CPC, 1999). As May progressed and dry conditionsange to moderate drought conditions of the PDI, but
persisted, soil moisture supplies became affectedotthe near-normal SPIvalues. By the end of Decem-
Shallow wells begantorundry and parched leaves lver, precipitation deficits lead to moderately dry SPI
residential gardens attested to the ongoing moisturalues in divisions 1 and 3, but near-normal condi-
stress. Some of this moisture stress was related to tihens in division 2. By contrast, the PDI showed very
high evaporative demand of the atmosphere. Dailynoist conditions for division 1 and mid-range condi-
maximum temperatures were unseasonably abowens for division 2. Only in division 3 did the PDI
average, while relative humidities were extraordinarindicate (severe) drought conditions during this month.
ily low. As May drew to a close itwas notuncommon  With the temporary return of the precipitation in
to observe daytime temperatures of at least 30°@anuary 1999, the SPI and PDI values (moderate to
accompanied by very low relative humidities on thextremely wet and very to extremely moist, respec-
order of 25% or less. By June, drought-related farrtively) were again in agreement for divisions 1 and 2.
losses across the state, especially in Addison Countgfpwever, for division 3, the SPI indicated very wet
were financially compensated for by the Farm Seronditions, while the PDI values only registered mid-
vice Agency (Jeff Comstock, pers. comm. 1999). range values. During February and March, SPI val-

The low relative humidities and high tempera-ues were near normal for all three divisions while the
tures posed another threat: that of wildfires. During?DI indicated moderate to very moist conditions in
the weekend of May 1-2, forty to fifty wildfires were divisions 1 and 2 only. For division 3, mid-range
reported across the state. The wildfire threat was alsonditions were observed.
fueled by the presence of large quantities of dry The largest divergence between the two indices
combustible material on the ground. Much of thisvas observed in April 1999. The dramatic shortfalls
debris resulted from damages caused by the ice stormprecipitation during this month were adequately
of January 1998. The outbreak of wildfires led to &aptured as extremely dry conditions in all three
restriction and eventual rescinding of burn permitslivisions by the SPI. However, the PDI continued to
during the month of May. In June, state officials diddemonstrate the existence of mid-range conditions in
not ban the sparking of fires in state parks even thouglivisions 1 and 2, with moderate drought conditions
dry, record-setting temperatures prevailed. being observed in division 3.

It is instructive to determine the accuracy with  The foregoing observations illustrate some of the
which two drought indices (SPI and PDI) capturedvell-documented shortcomings of the Palmer Drought
the incidence of drought on the Vermont landscapéndex. Given that drought conditions developed dur-

12 Vol. 11, No. 2, May—-August 1999



ing the winter and continued into the spring, the PDinont. Not only is this true for the currentdrought, but
failed to capture the onset and continuation of ththis non-congruence of division 3 has been noted in
drought. Thisis related to the fact that all precipitatiomlroughts that have affected the state since the turn of
is treated as rainfall in the computation of the indethe century. As a result, gross statewide analyses
(Hayes et al., 1999) even though snow and freezingould lead to a bias in terms of drought characteristics
rain are the predominant forms of winter precipitationn this sector of Vermont.
inVermont. The exceptiontothisisdivision 3,where  Secondly, itis problematic to determine the onset
the PDI indicated moderate drought conditions irand length of a dry period in the cooler season of the
October and November, followed by severe droughtear in Vermont from monthly precipitation data
conditions in December 1998. Again only division 3alone. The distribution and magnitude of precipita-
showed moderate drought conditions in April 1999tion-producing events should be combined with the
even though by that time the effects of the accumurformation gleaned from monthly totals in order to
lated precipitation deficits were already being obadequately characterize the drought signal in this
served in the vegetative response across the stateregime. The months of March and May illustrate the
The SPI on average performed better than th@angerin basing analyses solely on monthly records.
PDI in terms of detecting the onset of dry condition®uring March, most of the stations under study were
in December 1998 and the severity of conditions ieither at or above the average monthly precipitation
April 1999. The one-month SPI has been likened ttotals, largely because of three snowstorms that pro-
the percent-of-normal method of examining precipiduced accumulations of at least 15—-60 cm during the
tation totals, yet it is interesting to note that thdirst few weeks. In May, most stations’ totals were
December 1998 figures do not capture the belovslightly lower than average, again reflecting the high-
normal conditions to the extent that would be exmagnitude convective rainfall during the last 13 days
pected from the percent-of-normal values shown inf the month. The incidence of these precipitation
Table 1. March 1999 was somewhat problematic duevents means that definitions of meteorological
to the onset of the dry conditions in the last third of thdrought based on precipitation alone do not capture
month being overshadowed by the precipitation adhe severity of the dry conditions that resulted from
cumulations from the few, but large in magnitudeconsecutive weeks of no or little precipitation receipt.
snowstorms that struck earlier in the month. Similar
conditions existed at the end of May, when the one-
month SPI indicated a return to near-normal valueSoncluding Remarks
across all three divisions, as a result of two or three
high-magnitude precipitation events that occurred Drought conditions have been observed since

toward the end of the month. December 1998, although the signal has been “inter-
rupted” by the receipt of above-average rainfall in
Discussion January 1999 and sporadic, high-magnitude eventsin

March and May 1999. The SPI has proven largely
The foregoing observations highlight several keysuccessful in pinpointing the onset and continuation
issues. The first is that dry conditions in division 3ofthese dry conditions, while the performance of the
differ dramatically from the other two divisions, PDI has been hampered by previously documented
implying the existence of different atmospheric dyshortcomings in its design and purpose.
namics or land-surface interactions in southeast Ver-
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The incidence of drought during the winter andReferences
spring exhibits different characteristics from summer i brediction C 1999, Global Cli Hiahliah
droughts. Itis rare for an early spring period to be s5 H:}fr Ig(\a/elr??sonansnfr:om Alies, OMZy ir’nitggg'g h't?p:tf/’
dry. Thus, given that droughts in Vermonttend to be \yy,\.nnic.noaa.gov/products/analysis_monitoring/
awarm-season occurrence, there exists awidely heldsLoB_CLIM/05-01-1999.htm.
perception that precipitation shortfalls in the coole€omstock, J. 1999. Personal communication. Vermont De-
season do not pose as great a threat. Whereas skiePSrmen’ P&Agrg\‘;c')tgégjgos \%v imi;'fgfdo Y Vamarkia
and otherwmt(_ar enthusiasts may bemoan the lack 0?1{392’9. “Ménitoring the 1é96 Drought’Using the Stgndard-
snow, the agricultural sector has not as yet beenjzeq precipitation IndexBulletin of the American Meteo-
severely affected by the soil moisture deficits and rological Society80, 3:429-38.
high atmospheric demand, because of the timing dfcKee, T.B.;N.J. Doesken; and J. Kleist. 1993. “The relation-
the planting cycle. This should not detract from the ;TLF’ ﬁﬁtgrc’é?rﬂftgreggfflfinﬁd o‘i]“r:tiolri‘etjo g:?n‘:afgl"’"es-"
potential threat, _espeC|aIIy n _“ght of the_ m0|sture_ Ana%eim,’ Cagllifornia, American Metepoprological Soci‘f)egt;;//,
stress observed in the perennial vegetation. In addl-pp_ 179-84.
tion, as many farmers are aware, record-setting tem-
peratures that alternate with brief respites of rainfall
can be actually detrimental to crops.

Finally, the ongoing droughtin Vermontreveals
that the monthly time scale may be too coarse to
capture the true character of drought. A weekly

timestep may be more appropriate.

Lesley-Ann Dupigny-Giroux
Department of Geography
University of Vermont
Old Mill Building
Burlington, VT 05405-4170
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ENSO’s Impact on the Occurrence
of Autumnal Drought in Iran

Introduction _ | Azarbayejan

. 4N

L] .
Turkey [Knoy™4 =V Turkmenistan
L {

Recent extreme rainfall events and the frequent ®oromieh
occurrence of worldwide droughts and their assocj-

ated natural disasters (i.e., devastating bushfires|in ~~Krermrarnsr'h§;”,a,"f‘iiﬁ d,'“?”‘” e
Australia, Indonesia, and Italy during 1997; the curt L Kha:b;wh Menasourm |
rentsevere droughtin Iran) have increased the scien-
tific community’s interestin the broad characteristics
of rainfall variation and the potential for rainfall
prediction.

Onthe basis of the Koppen climate classification
(Ahrens, 1998), the Islamic Republic of Iran (Figure
1) is categorized as generally having arid (BW) an
semiarid (BS) climates. This signifies that the annual
precipitation is less than the potential annual loss of
water through evapotranspiration. The occurrence @igure 1. The geographical location of Iran and the position
rainfallis unreliable and deviations from the mean aref rainfall stations whose data were analyzed in this study.
generally more than 40%. The average annual pre=
cipitation over the country is estimated to be abouyt
250 mm (about one-third of global annual precipita-
tion).

Iran, with an area of 1,648,000 kiines predomi-
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nantly within a portion of the Alpine—Himalayan G, T 35'N
chains, including the major mountain systems of th Zagros Range Kavir

Alborz and Zagros ranges (Figure 2). As indicated i ‘

this figure, the central part of Iran, which is sur{ B

rounded by these ranges, comprises two uninhabitec 30N
deserts, Dasht-e Lut and Dasht-e Kavir. In spite of :

severe dry conditions over these regions, the Zagrps f

i 1 I Persian Gulf
and Alborz highlands, like the coastal strip of th |\ diriaitint i -

Caspian Sea, are classified as having a Mediterranga
climate (Csb) and usually receive moderate precipita- S0°E 55°E 60°E
tion. . Figure 2. Reliefmap of Iran. The Alborz and Zagros ranges

The occurrence of droughts and floods is comMand the two main deserts (Dasht-e Lutand Dasht-e Kavir) are
mon, and the severity and hardships of these naturglown.
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for the period 1951-95, taken primarily from the
Meteorological Yearbooks, the official publications
of the Iranian Meteorological Organization. Autumn
rainfall contributes 16%—48% of the annual precipi-
tation over different parts of the country (Figure 3).
As indicated in Figure 3, for the western half of Iran,
the ratio of autumn rainfall to annual precipitation is
larger than the same ratio for the eastern half of the
country. The ratio is relatively higher for the areas
near the northern part of the Persian Gulf and western
side of the Caspian Sea coasts (42%—48%). The
Troup’s Southern Oscillation Index (SOI) data, which
have been used as the ENSO indicator, were supplied
by the Australian Bureau of Meteorology.

The autumn rainfall time series was obtained by
Oman Sea averaging the three-month values of precipitation.
Best results were obtained by defining autumn as
October to December. The same averaging proce-
dure was performed to provide the seasonal time
series of SOI data.
disasters have frequently affected rural regions as A sequential correlation analysis (SCA)was used
well as urban areas. Drought limits the cultivation ofo examine the strength and temporal stability of the
dry farming crops and affects the productivity ofrelationship between rainfalland SOl (Nazemosadat
irrigated lands. Moreover, due to massive overgraand Cordery, 1997). The data lengths employed for
ing, extensive soil erosion can occur during dryhe correlation analysis varied from a minimum 15-
periods. year window to the total period of available data for

A number of recent studies have confirmed thagtvery station. For each selected window, coefficients
the El Nifio-Southern Oscillation (ENSO) phenom-were calculated for continuous data periods of the
enon has a significant impact on rainfall variabilitywhole record. For example, for 25-year windows,
over different parts of the globe (e.g., Lough, 1997correlations between Tehran rainfall and SOI were
Nazemosadat and Cordery, 1997; Hoedt, 1997¢alculated for the periods 1951-75, 1952-76, ..., and
Nazemosadat and Cordery (1999) have recently i1971-95.
vestigated the influence of ENSO on autumn rainfall
in Iran. They have shown that this rainfall is signifi-Results
cantly influenced by the Southern Oscillation events.

In the present study, the impact of ENSO events on Figures 4athrough 4c show the sequential corre-

the occurrence of autumnal drought is investigatedation coefficients between the SOl and autumn rain-
fall for Tehran, Shiraz, Tabriz, Zanjan, Kermanshah,

Methodology Oromieh, Bandarabbas, Bandaranzali, and Zabol. A
25-year window was used in the correlation analysis.

The basic data used in this study are mean monthlihe stations were selected subjectively, with no
total rainfall data for 36 synoptic stations (Figure 1)attempt made to illustrate the SOl-rainfall relation-

Caspian

Persian Gulf

Figure 3. The ratio of autumn rainfall to annual precipitation
for different parts of Iran (in percentage). For the western
coast of the Caspian Sea, the percentages reach a high of 48.
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Kermanshah, and Oromieh; and (c) Bandarabbas,
Bandaranzali, and Zabol. A 25-year window is used. The
firstyears of the sequences are shown in the horizontal axes.
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Figure 5. Sequential correlation coefficients between autumn
rainfall and Mashhad, Kerman, and Kashan. A 15-year
window is used. Thefirstyears of the sequences are shown in
the horizontal axis.

stability of the correlations, the SCA was also per-
formed with different window lengths. Figure 5
depicts the correlation coefficients between SOl and
rainfallin Mashhad, Kerman, and Kashan for 15-year
windows. Similar results were generally found when
the record lengths were changed.

As indicated in Figures 4 and 5, correlations are
generally significant for some stations, such as
Oromieh, Tehran, Tabriz, Kashan, and Zanjan. How-
ever, autumn rainfallin Shiraz, Kerman, Kermanshah,
Zabol, and Bandarabbas is not significantly corre-
lated with the SOI. As indicated in Figure 4c, the
SOl-rainfall relationships are also significant (at the
5% significance level) for Banadaranzali, situated
over the western margin of the Caspian Sea coasts
(Figure 1). In Mashhad, the SOl—rainfall correlations
are significant for some spells and weak for others.
The results of the SCA suggest that, regardless of
window length and geographical location of the
rainfall stations, autumn rainfalls over different parts

shipsin differentlocations. Since the starting dates a¥f the country were negatively correlated with the
the available rainfall data were varied, the years of th8OI.

start of the 25-year windows (horizontal axes in  The spatial distribution of the correlation coeffi-
Figure 4) are not the same for all stations. To assesgnts between the SOI and rainfall is presented in
the impact of record length on the strength andrigure 6. The regions with reasonably strong rela-
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SOlis larger than 5. For such periods, droughts with

M b Caspian extensive socioeconomic hardships are generally

A AAA Sea anticipated.
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Figure 6. Spatial distribution of the sequential correlation
coefficients between SOl and autumnrainfallin Iran. A 25-
year window is used. The 5% and 1% levels of significance
are0.34and 0.47, respectively. Regions with good coherence
are denoted by ‘A’.
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Low Temperature and Cold Drought Risks
in Crop Production in Temperate Kashmir

Temperature plays a vital role in life processe87 (15 years) at Shalimar (1,587 m) have been used.
and crop production. Physical and chemical profhe 15-year means have been compared with the data
cesses within plants are temperature dependent; thése 1998 (Figures 1 and 2). The “low temperature
processes in turn control biological reactions in crofrequency” analysis has been carried out for 1983—
plants. Temperature also plays a significant role i88. The frequency distribution has been done for the
some aspects of crop physiological cycles: the diffutaumber of times that weekly mean minimum tem-
sion rate of gases and liquids changes with temperperature was reduced by more than 1°C, compared to
ture; the solubility of substances is temperature déhe previous week. Finally, the summarized forecast
pendent; rapid progress occurs as aresult of tempeseerification analysis (1995-98) for temperature
ture increases; and the equilibrium and stability othanges is also given to characterize the weather of
various systems and compounds (including enzyme#)is region.
is a function of temperature. The minimum temperature profile is given in

Air temperature at the screen level is one of th&able 1. It indicates extremes of daily minimum
mostimportant variables affecting crop production inemperature (-13.6°C for January 20,1991, and 24°C
temperate Kashmir. Most crop plants are injured dior August 1, 1983). The lowest weekly mean mini-
killed by low night temperatures, especially thosenum temperature is known to occur between the 48th
plants that are growing rapidly or flowering. Low and 5th standard meteorological weeks (SMW)—
temperature in combination with wet soil may result.e., during the months of December and January.
inthe accumulation of harmful products in plant cells=avorable and higher minimum temperatures have
while low temperature coupled with water shortagéeen recorded between SMW 29 and SMW 33 (i.e.,
results in cold drought.

A drought-like situation existed in the latter half

; . 1. Lowest weekly mean ever -7.8°C (SMW 2)
of 1998 in temperate Kashmir. Because of decreasedighest weekly mean ever 21.4°C (SMW 31)
rainfall from September onward, when minimuma. Lowest weekly means -2.43 to 0.08°C between
temperature was rapidly decreasing, a cold drought- SMW 48 and SMW 6

like situation prevailed, resulting in crop damage. Ouf- Highest weekly means 18.1 to 18.63°C between
SMW 29 and SMW 33

earlier a_maly5|s had_ |nd_|c_ated higher reliability ing | o average weekly -2.43°C (SMW 4)
forecasting changes in minimumtemperatures (Hasannean 1983-97
and Kanth, 1997) and also a significant variability iré. Highest average weekly 18.63°C (SMW 31)
weekly/monthly precipitation (Hasan, 1997). How- mean,1983-97
ever, a very unusual situation arose in 1998 whef Lowest daily ever -13.6°C (Jan. 20, 1991)
L .. 8. Highest daily ever 24.0°C (Aug. 1, 1983)

both precipitation and minimum temperature were
surprisingly low. We therefore made an objectiveraple 1. Minimum temperature profile at Shalimar (1,587
analysis of the historical weather information avail-m) during 1983-97.
able to us.

In the present study, weekly and monthly mean
minimum temperature and total precipitation for 1983—
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Figure 1. Minimum temperature and rainfall in relation to the long-term mean at Shalimar (1,587 m), Kashmir, India.
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mid-July to mid-August). Low temperature frequencymonthly minimum temperatures and precipitation,
analysis for 1983-98 showed minimum frequenciesompared to the long-term mean (Figure 1). Like-
for reduction in minimum temperatures by more thamvise, all months except February, April, and August
1°C during June and maximum frequencies durinad deficient precipitation, and November and De-
October. Periods V and VII (Figure 1b), correspondeember did not receive any precipitation. A cold
ing to the months of May and July, do have highedrought thus prevailed from SMW 44 on (Figure 2),
frequencies. During May, the rice crop is in thewhich proved quite damaging to rabi (winter) crops
nursery stage, while in July it completes tillering tdike rapeseed-mustard. Moreover, the low inherent
enter into the panicle initiation/flowering stages. Withsoil moisture led to poor crop growth, thereby in-
such a historical profile for minimum temperature, letreasing the crops’ susceptibility to low temperature
us consider further the weekly/monthly behavior olamage. Table 2 gives the comparative resistance of
minimum temperature and precipitation during 199&rops to sub-zero temperature regimes. It is quite
in relation to the long-term means (Figures 1 and 2evident from the table that crops are very susceptible
Itis clearly evident that 1998 witnessed lower meato low temperatures during flowering. A study in
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Figure 2. Minimum temperature and precipitation during 1998, in relation to the long-term mean at Shalimar (1,587 m),
Kashmir, India (on a weekly basis).
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forecastreliability for changes in minimum tempera-

Temperature (°C) harmful to plant during: .
P (C) b g tures for summer months than for winter months

Germination  Flowering Fruiting - o
(during 1995-96 and 1996-97). Thus, when mini-
Highest resistance mum temperatures were drastically reduced during
to frost winter months, changes in minimum temperature
gz:g‘g wheat _'89 '_190 _'11 _'22 _'22 _;14 could not be reliably forecasted for 2 of the 3 years,
Peas 7 8 2 3 2 4 indicating a probgble risk to crop production in
Lentils 7 -8 2 3 2 -4 temperate Kashmir.
Tofind asolution to the problem of low tempera-
Resistance ture risks to crops and for a better understanding of
é‘;;rn";t 5 b 4 ., temperature trends expected, we have undertaken a
White mustard 4 2 3 3 .4 dailylow Femper_ature probab_ility analysis by fitting
Turnip 6 -7 _ _ — — normal distribution to the daily data of the last 18
_ _ years. The months of October to May (winter or rabi
'V'eflum resistance season) have been considered, and the probability of
to frost H : R .
Soyabeans 3 4 5 3 5> 3 Minimum temperatures below a certain level is being
worked out (Table 4). Thus we shall be able to
Low resistance identify critical crop growth stages with associated
to frost maximum probabilities.
Corn -2 -3 -1 -2 -2 -3
Potatoes 23 12 12 Dr. Badrul Hasan and Dr. Ashok Kumar
No resistance Division of Agronomy
to frost and
Rice 05 -1 -05 -1 1 - Dr. A. A. Khan
Tomatoes o -1 o -1 0 -1 Division of Agricultural Statistics & Economics

Sher-e-Kashmir University of Agricultural

Source: Ventskevich, 1961 .
Sciences and Technology

Table 2. Resistance of crops to frost in different phases. Shalimar
P.O. Box 706 GPO
France by Lardon and Triboi-Blondel (1995) re- Srinagar Kashmir India 190 001
vealed that freeze and cold treatments in winter telephone: 0194-462046
rapeseed at the beginning of the flowering period e-mail: atharakhan@yahoo.com

(day/night: 7°/0°C) induced major modifications in
plantyield architecture by overcompensating certaiReferences
yield components. Ram and Singh (1995) studied . :
low temperature risks to cool SEason crobs undé—lrasan,B.1997. Agrometeorological aspects of crop produc-
) P i = ) P tion in temperate KashmirDrought Network New8(2):
Hisar (India) conditions by analyzing 24 years of 14_16.
meteorological data and suggested adjustments asan, B.; and R. H. Kanth. 1997. “Climatic uncertainties and
sowing dates so that the crop reaches the doublgecent experience in medium-range weather forecasting
ridge/floral bud initiation stage after January 28 (since °Ver Kashmir.Drought Network News)(1):12-14.
the risk of temperatures of less than 2°C at screen Ie\}_eagdon, A.;and A. M. Triboi-Blondel. 1995. “Cold and freeze
) P tress at flowering: Effects on seed yields in winter rape-
is 45-65% between January 1 and January 28) andeed."Field Crops Researchi4:95-101.
maturity/harvesting before March 19. Ram, D.; and P. Singh. 1995. “Low temperature and high
The forecast verification analysis (Table 3) showed Vvapour pressure deficit risks to cool season crops in the sub-
more reliable forecasting for changes in minimum oPics.” Annals of Arid Zon@4: 267-71.
. Ventskevich, G. Z. 1961. “Agrometeorology.” Israel
temperature Compared to maximum temperature. S .
Programme for Scientific Translation, Jerusalem.

Furthermore, the seasonal analysis indicated a better
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I. Overall picture of usable forecasts (%)

LI 1995-96 (120 reports) 1996-97 (99 reports) 1997-98 (84 reports)

parameter Total Summer Winter Total Summer Winter Total Summer Winter
usable usable usable

T 55 59 67 57 53 60 52 47 62

T 71 78 74 70 59 81 66 69 62

min

II. Correlation between forecasted and actual temperatures

1996-97 1997-98
Parameter  Entire year Summer Winter Entire year Summer Winter
T — *0.815 *0.869 **0.916 **0.86 **0.87
T — *0.644 *0.828 **0.930 **0.89 **0.87

min

* significant at 5%; ** significant at 1%

[ll. Daywise analysis (RMSE)

1996-97 1997-98
Parameter
Summer Winter Summer Winter
d-1 d-2 d-3 d-1 d-2 d-3 d-1 d-2 d-3 d-1 d-2 d-3

T,..2-98 351 297 265 331 496 43 4.5 2.5 3.72 3.46 3.10
T.,1.61 269 295 258 207 274 20 2.5 2.5 260 2.60 217

RMSE = root mean square error

Table 3. Forecast verification analysis of temperature changes at Shalimar, Kashmir (India).

Months T..°C Probability of T . (°C) regime below

-4 -3 -2 -1 0 1 2 4 6 8 10
January all sub-zero  * * * * * *
February -1t0 1.3 * * * * * *
March 0to 10 * * *
April 1-11 * * * * *
May 5to 15 * * * * *
October sub-zero to 12 * * * * *
November sub-zero to 6 * * * * *
December sub-zeroto 5 * * * * *

* indicates the probability determination of that particular temperature regime during the month

Table 4. Low temperature probability analysis—minimum temperature ranges and regimes for various months
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{8 Announcements

Disaster Management Workshops

The University of Wisconsin—Madison, Department of Engineering Professional Development,
will offer a seminar series, Disaster Management Workshops, September 20—24, 1999, in Madison,
Wisconsin. Participants may enroll for 1-5 days.

The program will benefitemergency managers from business, industry, government, service, and
community organizations. During the workshops, participants will learn about emergency information
management; disaster communications; response planning; damage, needs, and resources assessment;
and monitoring, evaluation, and reporting.

For more information, contact Katie Peterson, Department of Engineering Professional Develop-
ment, University of Wisconsin—Madison, 432 North Lake Street, Madison, Wisconsin 53706;
telephone: (800) 462-0876; fax (608)263-3160; e-mail: custserv@epd.engr.wisc.edu; www: http://
epd.engr.wisc.edul/.

National Workshop on Dynamic Crop Simulation Modeling

The National Workshop on Dynamic Crop Simulation Modeling for Agrometeorological Advisory
Service was conducted at the National Centre for Medium Range Weather Forecasting (NCMRWF),
Department of Science and Technology, New Delhi, January 4—6, 1999. The objectives of the
workshop were to assess the state of the art of crop simulation model (CSM) studies in Indiaand to bring
together scientists to discuss the use of CSM-based expert systems in crop management. Another goal
was to prepare strategy for calibration and validation of the existing models in different agroclimatic
zones of the country, and to identify the potential users of the crop simulation models calibrated and
validated by NCMRWEF. The 135 participants represented various agencies, including the NCMRWF,
India Meteorological Department, Agrometeorological Advisory units of NCMRWEF located at state
agricultural universities, Indian Council for Agricultural Research Institutes, and Department of Space.
Recommendations emerging from the workshop include the need to: identify the minimum soil, crop
and crop management, and weather data required for building and validating the crop growth models
in different agroclimatic zones of the country; identify gaps in the data; and prepare programs for filling
the gaps (if any). It was also decided to repeat the workshop every two years. For more information,
contact: Dr. S. A. Saseendran, Scientist, NCMRWF, DST, Mausam Bhavan, Lodi Road, New Delhi—
3, India; e-mail: sas357@ncmrwif.ernet.in.
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International Conference on Integrated Drought Management

The International Conference on Integrated Drought Management will be held in Pretoria, South
Africa, September 20-22 , 1999. The need for more integrated drought management approaches was
identified by the International Hydrological Programme of UNESCO, one of the organizers of the
conference. Other organizers are the World Meteorological Organization, Southern African Develop-
ment Community (SADC) Water Sector, and Drought Monitoring Centre of the SADC Food Security
Sector.

The main objective of the conference is to better understand the factors predisposing people and
landscapes to heightened drought vulnerability and to work toward strategies and actions that can reduce
drought vulnerability and move society toward sustainable development. Sessions will address:
Understanding, measuring, and forecasting drought; comparative drought management policies; key
principles of integrated drought management; strategies to reduce drought vulnerability; capacity
building, devolution of management responsibility, communication, and support; integrated drought
management toward sustainable development; and drought research and information needs. A
concluding session will synthesize the results of the conference in the form of directions for more
effective drought management, with a focus on sub-Saharan Africa.

The conference is aimed at researchers, academics, practitioners, consultants, developers, policy
makers, planners, community leaders, and representatives of the media.

An optional pre-conference workshop, Drought Planning, will be held at the Agricultural Research
Council in Pretoria on September 16-17, 1999. For more information, please contact Congress
Secretariat, Conference Planners, Cilla Taylor/Alyson Lea-Cox, P.O. Box 82, Irene, 0062 South
Africa; telephone: +27 (0) 12 667 3781, fax: +27 (0) 12 667 3680; e-mail: confplan@iafrica.com.

15t Annual Conference on Contaminated Soils

The 13" Annual Conference on Contaminated Soils will be held October 18-21, 1999, at the
University of Massachusetts at Amherst. Platform and poster sessions will cover the following topics:
Analysis, Arsenic, Bioavailability, Bioremediation, Chlorinated Hydrocarbons, Cold and Winter
Remediation, Environmental Fate, Environmental Forensics, Heavy Metals, Lead, Massachusetts
Military Reservation, MTBE/Oxygenates, Natural Attenuation, Phytoremediation, Radionuclides,
RBCA, Remediation, Risk Sediments, Site Assessment, TPH, UXO, Water Containment Systems.
Exhibits will bring real world application of technical theory and case studies. Focused workshops will
provide attendees applicable practical information. For information, contact Denise Leonard at (413)
545-1239 or dleonard@schoolph.umass.edu.
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2000 National Disaster Medical System Conference

The National Disaster Medical System (NDMS) will hold its annual conference at the Alexis Park
Hotelin Las Vegas, Nevada, April 29-May 3, 2000. The 2000 NDMS Conference will provide practical
information on implementing interdisciplinary strategies for preventing or reducing the health and
medical consequences of disasters of any origin. The education will feature counter-terrorism programs,
clinical updates, extreme environmental events, disaster team development, information management
systems, mass gathering events, critical incident stress management, sheltering and congregate care,
health system emergency planning, mass fatality operations, veterinary services in disasters, and new
standards in emergency management. The program will offer approximately 20 hours of continuing
education credit for awide range of health practitioners and administrators. For additional information,
contact NDMS by calling 1 (800) USA-NDMS and pressing the “star” key, by e-mail at ndms@usa.net,
or check their website at www.oep-ndms.dhhs.gov.
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I
I
I
I
I

IDIC/NDMC

239 L. W. Chase Hall
University of Nebraska
P.O. Box 830749

Lincoln, NE 68583—-0749
USA

Telephone (402) 472—6707
Fax (402) 4726614
e-mailndmc@enso.unl.edu

If responding by conventional mail, please return this form with the mailing label still attacheg
to the reverse side (non-U.S. members: please include the mailing label from the envelope). If
responding by e-mail or fax, please include your old address as well as your new address.|

__ Change/correction of address
___Receiving duplicate mailings (please include mailing labels from all duplicates)
____ Delete my name from thH2rought Network Newshailing list

Name

Organization

New/Corrected Address

Telephone
Fax
e-malil

K
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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Material from this newsletter may be reproduced with acknowledgment of the source.

Drought Network Newsis published three times a year by the International Drought Information Center (IDIC) and National Drought Mitigation Center
(NDMC). The IDIC and NDMC are part of the School of Natural Resource Sciences at the University of Nebraska—Lincoln. Fuheingevesletter is provided
by the International Activities Division, National Weather Service/NOAA, through their cooperative program with the Worldoldgieed Organization, and
Cooperative State Research, Extension, and Education Service, U.S. Department of Agriculture.

Drought Network Newsencourages readers to submit information on current episodes of drought and its impacts; timely reports of response, mitigatio
and planning actions of governments and international organizations (sucaedsksiures); recent research results and new technologies that may advance
the science of drought planning and management; recent publications; conference reports and news of forthcoming meetlitgsalandf eeferences
accompany articles, please provifi#l bibliographic citations All artwork must be camera-ready-please provide clear, sharp copies (in black/gray and white
only—we are unable to reproduce color artwork) that can be photocopied/reduced without losing anZatetsipondence should be addressed to

Drought Network News Telephone: (402) 472-6707
IDIC/NDMC fax: (402) 472-6614

239 L. W. Chase Hall e-mail: ndmc@enso.unl.edu
University of Nebraska www: http://enso.unl.edu/ndmc

P.O. Box 830749
Lincoln, NE 68583-0749

Subscriptions toDrought Network Newsmay be
obtained, free of charge, by contacting Kim Klemsz
the street or e-mail address or the telephone or
number to the left.

USA
Director: Donald Wilhite Information Specialist: Kelly Helm Smith
Climate Impacts Specialist: Michael Hayes Publications Specialist: Deborah Wood
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